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we explore the relationship of prey density and prey patchiness (measured by coefficient of variation) on foraging behavior of Semipalmated Sandpipers (Calidris pusilla) which essentially prey on a single species in the upper Bay of Fundy. The high visibility and confiding nature of these shorebirds allowed us to videotape foraging behavior at close range, permitting the acquisition of data on foraging behavior that cannot be gathered for many avian species. These data are used to test predictions of the relationship of foraging behaviors to prey density and prey patchiness. Many scolopacid sandpipers, including Semipalmated Sandpipers, undertake migrations between arctic breeding grounds and subtropical or tropical wintering areas. The distances of these migrations place extraordinary energetic demands on the birds. In addition, shorebirds have higher metabolic rates than expected based on other birds of similar mass (Kersten and Piersma 1987). It is reasonable to expect that there should be strong selective pressure to maximize food intake at stop-over areas during migration. For individual C. pusilla, the only aspect of foraging behavior that has been quantified is prey capture rate as a function of prey density (Wilson 1990) . In this study, we quantify a number of other foraging behaviors of C. pusilla which were videotaped at the height of fall migration in the upper Bay of Fundy. Analysis of these videotapes in slow-motion permitted the acquisition of data on behaviors that simply occur too quickly to quantify in field observations.
METHODS

AND MATERIALS
The On 4-6 August 1992, shorebirds were videotaped at each of the stations using a Canon video camera with a 10X telephoto lens. As the tide ebbs, the foraging sandpipers follow the tideline out below the level of Station 3 and then disperse broadly to feed throughout the intertidal zone. Birds were taped at each station as each station was exposed. Once the tideline had receded past Station 3, equal time was spent videotaping at each site, moving among stations at least twice each low tide. As the tide rose, each station was videotaped until the birds were forced to move to higher ground. Therefore, we obtained videotapes of the birds feeding immediately after subaerial exposure, immediately before immersion, and at two different times during low tide exposure. All videotapes were obtained by standing at one point with the video camera mounted on a tripod. As flocks of birds flew in, they were videotaped. The birds are remarkably tame and often foraged within 4 m of the observer.
On 6 August, five core samples of the sediment were taken from each of the three stations; the cores were no closer than 5 m from each other. Each core was 10 cm in diameter and was taken to a depth of 10 cm, well below the maximum depth of Corophium. The sediment was sieved through a 500 pm screen. The residue with all retained organisms on the screen for each core was preserved in 10% formalin in seawater.
The Data on directional changes also were taken from the videotapes. A system was devised in which movement toward the camera was defined as south and directly away as north; these directions bore no relation to actual magnetic north. The orientation near- We also determined the average of the angles of change using 45" increments for all directional changes in the sequence. For instance, a switch from N to SE was recorded as a change of 135". Twenty birds were randomly selected from the videotape and analyzed for each of the three stations.
We tested the following predictions: (1) probe rate should increase with increasing prey density, i.e., birds should feed more intensively when walking through areas where foraging success is high, (2) step rate should decrease with increasing prey density, i.e., birds should not walk quickly through an area where foraging success is high, (3) the average number of steps between probes should decrease with increasing prey density (logically follows from predictions 1 and 2; as prey density goes up, probe rate should rise and step rate should fall), (4) 
RESULTS AND DISCUSSION
Abundance data for large Corophium, the primary prey of the sandpipers, are given in Table 1 . Prey density at Station 2 was significantly greater than at Station 3. Station 1 was intermediate, and not significantly different from either Station 2 or 3. However, the variance in density differed markedly among the three sites. The CV for Station 2 was low, indicating fairly homogeneous prey densities. Much higher CV' s were found for Station 1 and particularly Station 3.
The data on foraging behavior are given in Table  2 . We first tested for block effects (effect of date). In all cases, there was no significant effect of date so all of the data were combined. The number of probes see-' was significantly greater at Stations 1 and 2 compared to Station 3. Sandpipers had higher steps set ~' at Stations 1 and 2 than at Station 3. The number of steps between probes, however, did not vary among the three sites. The average number of changes of direction and the average angle of directional change did not differ among sites.
Over the range of prey densities in this study (Table l) , Semipalmated Sandpipers displayed a mixture of stereotyped and prey-sensitive behaviors (Table 2) . We predicted that as prey abundance increased, birds should probe more frequently. This prediction was supported as the number of probes set-' was greater at Stations 1 and 2. Our prediction that step rate would be inversely related to prey density was rejected. The sandpipers had the slowest step rate in the area with lowest prey density. We interpret this unexpected result to mean that sandpipers are relying on visual cues to choose probe sites at Station 3. In this area with low, highly variable prey density, sandpipers perhaps walk slower to allow burrows and other cues on the surface of the sediment to be seen. Additional work on the possible importance of visual cues is clearly warranted. An alternative but virtually unexplored cue might be sounds made by Corophium as they move within their burrows (C. L. Gratto-Trevor, pers. comm.).
We combined the two measures of foraging behavior into a composite measure, the number of steps between probes. This measure indicates an apparent stereotyped behavior. The sandpipers take roughly four steps between probes. However, this apparent constancy masks the directly proportional changes in steps set-' and probes set-' at the different stations; 
